Two tomato morphotypes (cvs. Favorita, Organza and Azarro) of different fruit size were grown during 2005-2006 on a rockwool substrate under greenhouse conditions. Leaf area index (LAI), solar radiation absorption coefficient (TAO) and leaf area duration (LAD) were determined. Tested tomato cultivars proved different yielding strategies expressed by dissimilar values of the measured and calculated physiological indices (LAI, LAD, TAO and the canopy yielding efficiency). Cv. Organza showed the highest canopy yielding efficiency, cv. Azarro showed a negative dependence between LAD and yield, while cv. Favorita canopy architecture allowed to achieve better penetration of light energy to lower canopy layers and showed better tolerance of this cultivar to thermal stress.
INTRODUCTION
Tomato is a significant dietary source of valuable nutritional compounds (Horbowicz & Saniewski 2000) , especially cherry tomato morphotype (Lycopersicon esculentum var. cerasiforme Mill.) which is characterized by a high content of dry matter, soluble solids and vitamins (Halman & Kobryń 2002 , Orłowski & Fawcett 2001 , Brandt et al. 2003 .
Plant yield is related to the photosynthetic intensity (Brantley & Young 2007) and assimilatory area, expressed as the leaf area index (LAI) (Watson 1947 (Watson , 1952 , which absorb solar energy in the range of photosynthetic active radiation PAR (400-700 nm). The absorbed PAR is converted into biochemical energy bonds which are used to reduce carbon dioxide to sugars (Blanko et al. 2003 , Norby et al. 2003 . However, photosynthetic rate and leaf area develop-ment depend on many factors such as: air CO 2 concentration (Li et al. 2007) , plant density (Francescangeli et al. 2006) , nitrogen availability (Lemair et al. 2007) , salt concentration in the root environments (Li & Stanghellini 2001) , water availability and the phase of plant development (Harmanto et al. 2005) .
Yielding of plants is also related to leaf area duration (LAD) which is defined as the integral of leaf area over the whole growth period (Watson 1958) . LAD can be calculated over the total plant life time or during different phases of plant growth which allows to get detailed information about plant productivity. It also related to the ratio of below-canopy to above-canopy light (TAO) (Varlet-Grancher et al. (1993) . The obtained TAO value could be subtracted from 1 (1-TAO) and expressed as a percentage. In this case, it will indicate to that part of PAR which is absorbed by plant canopy.
The aim of this work is to study the relationships between leaf area development, leaf area duration, absorbed photosynthetically active radiation and fruit yield of two different tomato morphotypes. This should help to understand the correlation between plant architecture and yielding of tomato plant.
MATERIALS AND METHODS
The experiment was conducted during [2005] [2006] in the glasshouse of the Faculty of Horticulture and Landscape Architecture at Warsaw University of Life Sciences. Three tomato cultivars (cherry morphotype Favorita, Organza and large-fruited Azarro) were cultivated. Their fruit weight is ca. 13-17, 40-65 and 190-200 g, respectively. Seeds were sown on January 3 rd , 2005 and January 4 th , 2006 in rockwool cubs and then transplanted to rockwool blocks. Homogeneous plants of 6-7 leaves were finally transplanted to rockwool slabs. In both years, plants were cultivated from the middle of February until the middle of December, at a density of 2.7 plant per m 2 . Experiments were conducted in three replicates and each plot contained eight plants. On 21 September of each year, plants were headed. Nutrition was supplied along with irrigation water. Content of macro elements in the nutrient solution was: N-170, P-70, , while microelements rate were in agreement with the typical recommendations for greenhouse tomato in Poland.
Measurements of leaf area index (LAI) as well as photosynthetically active radiation (PAR) above and below plant canopy were carried out using the plant canopy analyzer LAI-2000 (Li-Cor. Inc. Lincoln, NE, USA). Measurements were done during midday time and after one week of bottom leaves and shoots removal. One above canopy radiation measurement and three below canopy readings of six samples per plot were used to calculate the LAI and TAO values.
During the vegetation period, five measurements (at 50 days intervals) were done i.e. on 22. 03, 10.05, 28.06, 17.08 and 11.10 during 2005 and 20.03, 10.05, 28.06, 16.08 and 10.10 during 2006 . These terms are matching with next plant developmental stages: I term -flowering, II -beginning of fruiting, III and IV -full fruiting, V -ending of fruiting.
On the basis of the results a value of LAD was estimated for each 50-day interval. LAD was calculated as follows:
LAD=(a+b) * h/2 where: a, b -LAI value at t 1 and t 2, respectively; h -time interval t 2 -t 1 (days).
Fruits were harvested during maturity stage at weekly intervals. Yields were summed up during the 50-day intervals. On the basis of calculated LAD and obtained yield of tomato morphotypes canopy yielding efficiency was calculated (Watson 1952 , Pala & Pietkiewicz 2002 .
Obtained results were analyzed statistically using the Statgraphics 4.1 software and the mean values were analyzed using Tukey test at P=0.05 and P=0.01.
RESULTS AND DISCUSSION
The obtained results showed that cv. Azarro had the highest value of LAI among all analyzed cultivars in both experimental years, while cv. Favorita characterized by the lowest value of this index ( Table 1 ). In respect of the measurement terms, the highest LAI value was found at the beginning of harvest time (II term) and the lowest at last term (beginning of October). Harmanto et al. (2005) showed a similar pattern of this index development over time in tomato, with the highest LAI at flowering and fruit formation stage. Very similar results were observed for leaf area duration (LAD) parameter (Table 1) . (Fig. 1A, B) . This was probably due to the different amount of incident solar radiation between these years (Table 4) .
Tomato plants did not produced canopy which is able to absorb 95% of the PAR during the whole growth season (Table 2) i.e. the crop did not achieved the so-called critical LAI (enabling absorption of 95% of the PAR) (Nichiporovich 1955 ). An exception was found at the beginning of harvest time (II term), when plants exceeded this critical value and so canopy of cv. Azarro on average for two years of experiment absorbed 97.6%, cv. Favorita 97% and cv. Organza 95.5% of PAR. Cultivar Azarro showed the highest absorption of solar radiation during the two years (1-TAO value equal to 94.5%), while cv. Favorita showed the lowest one (88.9%) ( Table 2 ). In 2006, when solar radiation was higher, all three cultivars, at the flowering stage, as well as beginning and harvest time (I-III term), exceeded critical 1-TAO value (95-98%). Canopy of cv. Azarro during this year absorbed over 95% of solar radiation. A decrease of TAO (mean value of the two years) was observed at the half of August (IV term) in cherry tested morphotypes. That could indicate to some reduction of light absorption ability by this morphotype at this growth stage (Table 2) . The highest yield and canopy yielding efficiency were observed during the III and IV terms of measurements for all tested cultivars. It might be due that LAI, LAD and absorption of solar radiation were the highest during the previous growth stage (Table 3, Fig.1 A,B) . After that term, a gradual reduction of fruit yield was observed. Despite the lack of significant difference between the experimental years, a tendency to produce larger yield during 2005 was observed ( Fig. 2A) . It seems to be that, at the beginning of vegetation period larger leaf area of tomato plant absorbed more solar radiation. That in turn, enabled tomato to form a higher number of fruits (expressed as yield). After the harvest stage an intensified competition between fruits and vegetative parts of plant for photoassimilates might caused a decrease in the size and duration of assimilatory area, and subsequently a reduction of the solar radiation absorption. That in turn could be the reason of further decrease in fruit yield. Our results were in agreement with the results of Gautier et al. (2001) and the report of Galiński & Pietkiewicz (1987) . They reported that, plants of Solanaceae family after reaching the harvest stage show irreversible changes in the assimilates distribution pattern towards plant organs which form the final yield. Comparison of LAI, (1-TAO) values and fruit yield (Table 1, 2 & 3) revealed that, in cherry and largefruited morphotypes (cvs. Organza and Azarro respectively), at the end of vegetation period, leaf area stabilized at similar level, which could be the reason to achieve similar yield of fruits. This phenomenon was observed in many plant species, such as quinoa, amaranth, potato as well as cereals (Grochowski 2000 , Sesay Gibrill 1997 , Kotlarska-Jaros et al. 2003 , Rocha-Gutierrez 2004 . (Fig. 2B) . The highest efficiency in 2005 was noted at the III-th and at the IV-th term while this value was the highest in the III-th term during 2006. These differences could be explained by light and thermal conditions inside the glasshouse. In 2006, in summer, a high solar radiation was accompanied with high day and night temperature (Table 4) . That could cause some thermal stress, which led to a reduction of the plants canopy yielding efficiency. In 2005, during summer, the radiation rate and the temperature inside the glasshouse were lower therefore, photoassimilates transport from vegetative parts (donors) to fruits (acceptors) was observed (Starck & Cieśla 1988) . At the end of vegetation period, a decrease of canopy yielding efficiency of cvs. Organza and Azarro was denoted while cv. Favorita showed a stable efficiency which could indicate to better tolerance of this cultivar to thermal stress. It is important to underline that, cv. Organza showed higher yield efficiency almost similar to that of cv. Azarro but this feature did facilitate it to achieve higher yield (Table 3) . The correlation coefficient values of LAI, LAD, TAO and plant yield describe the character of the interrelationships between these traits (Łoboda et al. 1997) . Our analysis of these interrelationships showed high significantly positive correlations between LAI and LAD for all tested cultivars (r= 0.74 -0.83), while a negative relationships (r> -0.90) between leaf size and radiation absorption (TAO) and leaf area duration (LAD) were confirmed (Fig.3) . Only cv. Favorita showed a significant positive relationship between TAO and yield (r= 0.58) which could point to that, the canopy structure of this morphotype allows better penetration of light energy to lower canopy layers. That could play essential role in yield assembly (Fig. 3) . It also seems to be that, only in this morphotype the assimilation area size is critical for plant yield. That was proved by the high significantly negative value of the correlation coefficient between yield and LAI (r=-0.47). In the case of large-fruited tomato morphotype (cv. Azarro) attention should be paid to different value of the correlation coefficient (as compared with the values for other cultivars) which describes the dependence between LAD and yield (Fig. 3) . This morphotype showed a tendency to get higher yield due to the longer leaf area duration. Probably, growth and yielding strategy of cv. Azarro is arranged by forming bigger leaves of long duration. As a consequence, these leaves are subjected to be more shaded and that could negatively influence photoassimilates production and thus; reduce yield efficiency to a similar level of cherry morphotype cultivar (Fig. 3, Table 3 ). showed the highest canopy yielding efficiency due not only to plant canopy increase, but also through better photoassimilates distribution pattern. 4. Merely cv. Azarro showed a negative dependence between LAD and yield. 5. Only cv. Favorita canopy structure allows better penetration of light energy to lower canopy layers. That could play essential role in yield assembly. It also seems to be that, only in this morphotype the assimilation area size is critical for plant yield. 6. High thermo-radiation conditions have a clear negative influence on leaf area and its quality. However, cv. Favorita showed a stable canopy yielding efficiency under these conditions which could indicate to better tolerance of this cultivar to thermal stress.
